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Outline
● The MSSM Higgs sector
● Search for neutral Higgs bosons
– Light neutral Higgs
– h0/H0/A0 -> tau tau with the CMS detector
– h0/H0/A0 -> mu mu with the ATLAS detector (NEW!)
● Search for charged Higgs bosons
– Light (mH± < mtop) H
± with ATLAS (NEW!)
– Heavy (mH± > mtop) H
± with ATLAS (NEW!)
● Conclusions
SEE ALSO:
SUSY2007, Karlsruhe – Talk by D. Kcira (CMS) - “MSSM Higgs”
HEP2005, Lisboa – Talk by J. Haller (ATLAS) - “MSSM Higgs”
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The MSSM Higgs sector
● Supersymmetry needs two Higgs 
doublets, giving rise to 5 physical 
Higgs bosons.
● In the MSSM they are: The CP-even h0 
and H0, the CP-odd A0 and the charged 
bosons H±.
● At born level the Higgs sector is 
determined by two parameters only: 
tanB and mA. (!mh0 < mZ!)
● Large loop corrections from SUSY 
breaking terms increase this limit to 
mh0 < 133 GeV.





B. Mohn: Search for MSSM Higgs, DIS2008, University College London 4
Benchmark Scenarios
● Four different CP-conserving 
scenarios suggested to exemplify the 
discovery potential
– Mh-max: gives mh0 < 133 GeV
– No-mixing: gives mh0 < 116 GeV
– Gluophobic: suppresses the gluon-
higgs coupling and this the 
dominant gg -> h0 production
– Small alpha: suppressed coupling 
of h0 to b (τ).  
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Light Neutral Higgs
● Dominantly produced in gg fusion of 
low and intermediate tanβ. bbH 
dominant for high tanβ.
● The light neutral Higgs boson in the 
MSSM mainly decays into bb (90%) 
and ττ (10%).
● Close to the upper mass limit decay 
modes as for the SM higgs grow 
rapidly.
tanB = 3 tanB = 30
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● Almost entire parameter 
space covered.
● The VBF h0 → ττ channel 
most important.
● For high luminosity (not 
shown here) also the 
channels h0 → γγ and h0 → 
ZZ → 4l contribute 
significantly
● “hole” in small alpha 
scenario nicely covered by 
decays to gauge bosons.
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A0/H0 → ττ with CMS
● Associated bb  production ϕ
allows b-tagging for 
background suppression.
● Decays:  → bb, ττ, μμ ϕ
Leptonic modes significantly 
cleaner
● Both leptonic and hadronic tau 
decay modes considered.
● Good coverage for high tanB, 
low tanB experimentally 
challenging.
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A0/H0 → μμ with ATLAS
● Not visible in the SM, but 
enhanced in MSSM.
● Offers excellent mass 
resolution as opposed to the tau 
tau channel.
● Good b-tagging essential to 
improve the S/B ratio.
● New analysis performed with 
trigger, fullsim, pile-up & 
cavern background.
● Analysis divided in 0 b-tag and 
more than 1 b-tag. 
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A0/H0 → μμ with ATLAS
1)Trigger: High Pt single muon Pt > 20 GeV. 85% efficiency.
2)Preselection: Two muons, 
Etmiss < 40 GeV
0 b-tag ≥ 1 b-tag
No Further cuts Further cuts
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A0/H0 → μμ with ATLAS
Estimation of ttbar background from data
No signal expected for the 
ee or µe final states
2 – 10% accuracy after 
correcting for e vs µ 
efficiencies.
Background estimated from eu subtracted
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A0/H0 → μμ with ATLAS
● Good agreement with previous ATLAS studies (TDR)
● (N)NLO increases the signal by 1.7 and background by 1.5, but 
background rejection degraded due to more realistic Etmiss and b-
tagging performance.
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Charged Higgs bosons
● Direct evidence for physics 
beyond the SM.
● Two mass “regions”
– mH± < mtop
– mH± > mtop
● Main decay modes fermionic. 
τυ dominates for a light H± 
while tb dominates above the 
top threshold.
● 5 different final states recently 
studied in full simulation with 
ATLAS.
Possibly large!
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                Light H±τ(had)υj j b
● Precuts: τ-jet, 2 b-jets, ≥ 2 non-
tagged jets, lepton veto, ETmiss 
> 30 GeV.
● Anti QCD cuts: W and top 
reconstruction, Ptratio = 
PTtop1/PTtop2, ΔΦ(top1, top2).
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                Light H±τ(lep)υj j b
● Precuts: Exactly one lepton, 
ETmiss > 120 GeV, ≥ 4 jets, 2 
b-tagged jets.  
● Assignment of b-jets (jet 
charge) to the H± and W side of 
the event.
● ttbar suppression through 
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                Light H±τ(had)υl υ b
● Selection: 
* 1 isolated lepton
* ≥ 3 jets
* ≥ 1 τ-jet
* ≥ 1 b-jet
* PT
 τ > 40 GeV
* PT e (μ) > 25 (20) GeV
* ql + qτ = 0
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                Heavy H±τ(had)υj j b
● Preselection: 1 τ-jet, ≥ 3 jets, 1 
b-jet, ETmiss > 40 GeV, W and 
top reconstruction, lepton veto.
● Likelihood selection with 5 
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Combined H± Performance
● Possible to outperform 
Tevetron results with only 
1fb-1.
● Intermediate tanβ 
challenging. Here mainly 
limited by MC statistics. 
Complete tanβ coverage 
for mH± < mtop should be 
possible.
● H± →tb swamped by 
background, but 
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● Over the entire parameter space at least one Higgs 
boson can be observed.
● In a significant region more than one, allowing to 
directly distinguish between the SM and other 
models.
● The observation of only a light neutral Higgs boson 
may still allow to distinguish between different 
models by comparing branching ratios:
              R = BR(h0→ττ)/BR(h0→μµ)
                   Δ = (Rmssm – Rsm)/σexp
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Conclusions
● In a CP conserving MSSM scenario all the parameter space is 
potentially covered by at least one Higgs boson (scans need to include 
new studies, but only small impact is expected)
● In a significant region only the light neutral Higgs bosons can be 
observed. Methods for distinguishing models needed.
● CMS has shown good sensitivity for h0/A0/H0 → ττ →ll and a 
discovery is possible up to mA ~ 800 GeV and tanβ down to 20.
● New studies of h0/A0/H0 → µµ with ATLAS shows good discovery 
coverage in agreement with earlier results.
● 1fb-1 could be sufficient to rule out the charged Higgs boson up to 
masses of ~ 150 GeV. Significant discovery range also available with 
limited reach in the intermediate tanβ region due to MC statistics.
